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FOREWORD 

This  publication  vas  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments . 
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ON"  THE  MITIGATION  OF  THE 
TRi^C-jUmNSSCSNT  CURVE* 

-  .'COMMUNIST-  CHINA ;  - 


/Following  is  a  translation  of  an.  article 
.  %y  Ch’en/I-hsun  and  Hsu  Hsu/Jung,  Physics 
Research  Institute,  -  Academic  Sinica,  In 
ffu-ll  Hsueh-pao,  Volume  15*  Number  7, 

Juiy~1.95^*  PP  393-396 J 

1.  When  the  condition  of  excitation  (e.g.,  change- 
in  excitation,  intensity)  to  phosphorescent  material  changes, 
there  lb  always  some  delay . in  the  corresponding  luminous  . 
intensity  change.1  This  is  mainly  caused  by  the  fact  that  ; 
in  phosphorescent  material  either:  electrons  or  holes  can 
be  captured  by  the  localized  energy  level,  the  main  char¬ 
acteristic  of  the  captured  energy  level  being  its  depth.  ‘ 
Among  the  methods  for  determining  the  depth  of  the  captured 
energy  level,  the  nne  which  studies  the  thermo-luminescent, 
curve*  seems  to  be  most  effective  and  convenient.  In  the 
above  study  there  are  two  commonly  adopted  theorems  upon  ; 
which  the  study  is  based;  “  One  theorem  assumes  that  the  . 
recombination  process  obeys  the  mono-molecular  reaction  rule 
while  the  other  assumes  that  the  recombination  process  obeys 
the  simple,  bi-molecular  reaction  rule.  From  the  viewpoint 
of  the  energy  band  model  (neng' tai  mo  hsing) ,  they  corres--! 
pond  to  two  limiting  cases:  the  ratio  of  the  probability  1 
of  recombination  to "that  of  capture  approaches  or  it-  ;  : 
approaches  zero. :  Although  there  has  been  data  published  ;■ 
which  enables  us  to  estimate  the  extreme  to  which  the 
actual  situation  is  likely  to  approach,  when  determining  ] 
thl  depth  of  the  energy  level' we  can  treat  it  as  only  ‘one  j 
of  the  limiting  cases.  As  it  IS  known,  the  depth  of  the  1 
energy  level  obtained  from  treating  it'  in  two  limiting  ■  ; 

cases  differs  by  a  factor  of  2.  In  a  typical  phosphorescent 
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material  such  as  zinc  sulfide,  as  shown  in  (5),  the  prob-  : 
ability  of  electron  recombination  is  almost  equal  to  the 
'  probability  of  capture.  Therefore,  in  order  to  accurately 
estimate  the  energy  level,  it  is  necessary  to  take  into  nc~ 

*  count-. the  ratio  of  probability  of  recombination  to  that  of 
:  capture*  Therefore,  in  this  paper,  we  investigate  the  ther« 
;  mo- luminescent  curve  as  follows  ♦'  - 

2.  From  the  viewpoint  of  energy  band  ..model  (neng  ; 

:  tai  mo  Using),  it  is  noCdiff  Acult;  tc  deduce  the  following: 
characteristics j  Assuming  -  the  electron  captured  energy 
level  has  only  one  depth,- there;  is.  only  a  very  small  part 
of  energy  level  which  can  be  filled  by  electrons,  since  the 
electrons  once  captured  have : to  return  to  the  conducting 
band  before  possible  ^combination  .with  ‘the.  hole,  takes  place 

t  '-bw?  Instant  t  of  fcho  thsr* 


(through  external  quenching)  •  /..A 
mo- luminescent  process 

;  -• ;  tnmN 

di  ~  0 


di 


(2) 


Since  the  life  of  an  electron -in  the  trap  is  longer  than 
when  it  is  in  the  energy  band, n*n,»  from  ( 1)  and  ,(2)  .we  . 
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We  have 
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n~7n0y  n0** 
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^  ^  \  ft  €  .  1  .  : 

0  f  r  * 


From  this  'relation  we  see  that  if  ■■  m  ban  estimate  the..  "  „.  ■; . 
value  vi'K  f  ;we  eon  plot  a  straight  line .  from  the  export-  ' 
ment.;:  1  ?  hat  a.,  and  the  a  1  ope  of "  the  t  e  t  r  n  i  gh  t  .  1  ine  .  give  s  the 
value'  per.,  in  other  v/orcis,  i  w  ■  as-  billy  ,  jUstif  it?o..  uo 

b'V;d 


_ _ ..  of  a,  is  :hptiih'tbd .  When; 

as  one  •  of  the  t\”b  .-&'xti;‘.cme  s,’,  ,  i  .  ,  ,  ‘ 
,  it  seems' ''justified  to  usd  ' either 


use vaTl;' the ; -data  after  the'  value 
vje  treat'' the .  actual  case 

considering  or  ..  .  ..  , 

the  first  cert  or  the  last  of .  the  curve,  out ,-i>9 o  oov 
.  since  at  any  instant,!  the  .luminous,  intensity 
j f  wo'mbkG  the  line  T»h  intercept  with  the  tb er  m o — lumine s - 

4A  are  cqu-nL  .'two  dntoreeftiftgg'p'Olntsy 


cent  curve, 


(1) 


This  is  a  completed  segment  of  the  ■  1937 '  .work 
on  the  luminescent' problem.  .'  The  remihhdor 
has  not  been  continued. 


Making  'use  of  (5)  "we  ;  :^/  -ri".' 

.:  Ki 

Taking  different  values'  of  A.  to.  obtain  corresponding  €  , 

'and  average  the  value  of  -f ..  •  ’V:.  j  b  4 i* / 

■  ■  1.-:  Finally,  when  luminous:' intensity  beaches  its  peek 

value,  its  f irst ‘derivatlydvdhduid:^;;^  aero  .  vvAii^  this  peak  p 
value  of  luminous  intensity,  :leitingj^?/0 >  we  obtain 
another"  relation  .p-.l  ':'4.f4  h,  .- ..'/i-4  ;4.  v; ■;•.  I 


...;  ; 

Subscript  ia  denotes  that  all  quantities  in  |he  bracket,  ^ 
should  .be  the  '.values  corresponding  to  pea*  luminous  inten- 

iifd&bis?  knowtij  ■  from  (6)  'and  (?)  we  can  .find  -,C.. 
l*^.?'4uah.U^r  ,€  , -determined  by  the;_jbove,  relstinnsr  poin« 
esponds 'to  the  thermO- iphip  at  ion.  potential  of;  the  • 

center .  As  'to  internal  quenching , as,  long  as  l.u*  ‘ v&t i~ t ion 
1b  rue,-  temperature  under  experimental'  conc^tion^  it.  is 
|iot  ".iar'06  v  The  value  of  Y.d.ohs  ‘  ftot/  ohaiise  t  hence  ,the  :  , 

■  :'9 1 ©st lmih  we  cab.  use '.the  method  suggested .  by  W, 

(SYv'bufc  u'oon  careful  analysis,  of  (5),  w,e  cen  also  aett.rmlne 
both,'  simultaneous ly  from-  the  .  thermo^luminescent 

'  curve  itself  by  making  use  -of  the  character! bUc s,  reflected 
(kV.  : In' fact,  if  we  let  a*  change  fromp  to.  s^th|  ;plot 
of  i  ’b  '  against ::  .  will  become  straigntened 


Of  V  yfjEk.' against  XtXXX  aequiuw  -a 

.  :fr.MgnR-.far/' .  ■  v-ivnf  -i- .:■  .•  *. 

gradually  f rdm  inc lining  to  a  .certain^ direction  a^o.  thou 
inclines' to  another  direction.  .i?hen  the  a  or  sight  line  . 
appears,  it  means'  that'’  the  value  of  A*  in  compliance  with 
the  actual  bond iti on •  IV"  found  :  (within  the  range  of  temp- 
: erature  change  in  -the  experiment-  the  phange.oi  ^  with 
■  temper r*t,uro  is  haglc^tscl  :fov  'Wrto  feeing}  **  ■ 

1  3.  In  "order  that  ’  the  ■therMbrlitaliie-soent  curve  is  ?i:. . ' 

not  affected  by  shallow  energy, aev^,  .first  e^te  a^  . 

sample  (ZnS-Cu,  Co,  in  ftftlohiC-u  b&epV^V  4°.  flas  /a  § 
it  is  ms.de  f^om-’ heating  f5#  CaClb  ’ at  . -a  .temperature  of  1100  o 
for  30  min  41  at  ft**, .  then Wt. .  fee-luminescence  fade  15  .  . 
min.  and  cool  it  to1  the  ^temperature  of  Jiquid  alr^  Keat 
.it  in  such  a?  way  that  the  temperature  rises  uniformly, 
using  .I3y«#;d.,  and. .smmdtlrr-to -detect-  the?;  variation  of  the 

~  Jl)  The  author  of  (7)  mentioned,  Ih  general,  by  the 
■■■■*. ’L,  "  ,  Vchange  of'4*'£  and  f/»  £%  wi.tlv  T  and  its  deviation 

,  ffrom^lihear Relationship,  can  be  determined— 

:  .  remarked  when  editing.''  ’  '---.  •■‘•f  -.  ,  . 


luminous  intensity  to 

shown  in  fig*  3.* 

i-W-  <l>.  '*!;*' fa 

••••  •  rf 

,w^ :•;••</  ,>*? 


obtain  t^rmo- luminescent- curve  . as 


fe#  *  * 

"ivy*  / “ 

.>  i  t®. 

^y&v.&t,  ‘  $  t/Sf' K  W 

fy  V,  I '  ;  T  ft 


Fife,  l 


t.  ■,^a8Mnt  curve,  first  excite  2ns-Cu,  [ 
(a)  .TKermo-lumine-ofnt  it6ht  of  366m//,  j 

Co  at  65  o«M  £fi£  liquid  ai*,  wait  until 

:  •  irXeratS^^  3S  lowest.**  - 

M  m^Sl^therao^lumlnaBMM  curve.  ^ • 
Straight  linas  show  that  ««  ^“P^l^^gtraigh^iln^can 

f :-e  j**^,$* le  1 


Iffral 


iifl 


Fig.  2 ._. .'  Relation  frattfegn 


■wszm 


ana  T 


■  & t  this  stage  we  need  not  use  (6) /because  It  only 

;  reoresents  a  part  of  (S>)»  but  we  still  can  use  (7)»  Values 
;  pass  the  plot  of  a  versus  measure  the  slope# 

I  or  fi**  the  ratio  of  luminous  intensity  to  find  the  slope, 
j -  ftm  9*2/jnin.>  f*  o.86ev* 

|  ‘  fhe  meaning  of  the  symbols  used  in  this  paper: 

j '•/■■■  •  .effective  electron  recombination  and  capture; 

1 '  section  respectively 

/  •  A*-  density  of  electron  in  .conducting  band 

'!.  ■■■■•/  'tt#.  average  velocity  of  .moving .  electrons  •  • . ; 

'  ,v  «.  density  Of  electron  captured  -energy  level 
i'  ■  h/-- 'density  of  electron  "captured  energy  level 

I  .  '  ‘  which  is  fully  "filled  by  electrons 


density  of  ionization'  center  at 


v.  /  .  Ihe  author?  wishes  -to  thank  Sir.-  Kuai  lu-lu  for 
preparing-  samples  and  Mr#  Ksu  Shao-hung.  for  discussion# 


\ 


1 10,094 


